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(57) ABSTRACT 

It is an object of the invention to provide a communication 
apparatus, a communication system and a communication 
method enabling efficient transmission in accordance with a 
situation of a wired transmission line and capable of reducing 
an influence by a radiation power of the transmission line. The 
communication apparatus of the invention executes wired 
transmission using a plurality of Sub carriers and includes a 
transmission signal generator for generating a transmission 
signal, and a transmission signal controller for controlling a 
transmission power of the transmission signal generated by 
the transmission signal generator based on a radiation power 
in a transmission line in correspondence with a frequency of 
the Sub carrier, and a transmitter for transmitting the trans 
mission signal the transmission power of which is controlled 
by the transmission signal controller via the transmission line. 
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FIG. 7 
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FIG. 17 
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FIG. 19 
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COMMUNICATION APPARATUS, 
COMMUNICATION SYSTEMAND 
COMMUNICATION METHOD 

TECHNICAL FIELD 

The present invention relaters to a communication appara 
tus, a communication system, and a communication method 
for executing wired transmission using a plurality of Sub 
carriers. 

BACKGROUND 

A transmission system using a plurality of Sub carriers of 
an OFDM (orthogonal frequency division multiplexing) sys 
tem or the like is utilized not only in wireless communication 
but also in wired communication. Although a transmission 
system using a plurality of Sub carriers achieves a significant 
advantage that high quality communication can be executed 
even in a severe transmission path, depending on a quality of 
a transmission path, there is a case in which a radiation power 
is increased to effect an influence on outside. 

According to communication of the OFDM system, a 
transmission power is controlled and a modulating system is 
selected for respective carriers on a transmission side based 
on a result of measuring power on a receiving side (refer to 
JP-A-2003-152671, JP-A-2003-218831)As shown by JP-A- 
2003-152671, in multi carrier wireless communication, it is 
ordinarily carried out to inform a received power value of a 
Sub carrier detected on the receiving side to the transmission 
side and control a transmission power of the Sub carrier on the 
transmission side receiving the received power value. Further, 
JP-A-2003-218831 describes a technology of selecting a sub 
carrier used in accordance with a situation of a communica 
tion error detected on the receiving side in the wired trans 
mission of the OFDM system. 

However, in either of the technologies shown in JP-A- 
2003-152671, JP-A-2003-218831, a transmission signal is 
controlled by utilizing a result of processing the receiving 
signal on the receiving side and the system is not simply 
constructed. Further, the influence of the radiation power 
cannot necessarily be reduced. 

SUMMARY 

An object of the invention is to provide a communication 
apparatus, a communication system and a communication 
method enabling efficient transmission in accordance with a 
situation of a wired transmission line and capable of reducing 
an influence by a radiation power of the transmission line. 
A communication apparatus of the invention executes 

wired transmission using a plurality of Sub carriers and 
includes a transmission signal generator for generating a 
transmission signal, and a transmission signal controller for 
controlling a transmission power of the transmission signal 
generated by the transmission signal generator based on a 
radiation powerina transmission line in correspondence with 
a frequency of the Sub carrier, and a transmitter for transmit 
ting the transmission signal the transmission power of which 
is controlled by the transmission signal controller via the 
transmission line. 

The communication apparatus of the invention includes the 
communication apparatus wherein the transmission signal 
controller reduces the transmission power of the sub carrier of 
the frequency in which the radiation power exceeds a prede 
termined value. 
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2 
The communication apparatus of the invention includes the 

communication apparatus wherein the transmission signal 
controller nullifies the transmission power of the sub carrier 
of the frequency in which the radiation power exceeds the 
predetermined value. 
The communication apparatus of the invention includes the 

communication apparatus wherein the transmission signal 
controller reduces the transmission power of the sub carrier of 
the frequency in which the radiation power exceeds the pre 
determined value until the radiation power becomes equal to 
or lower than the predetermined value. 

According to the invention, efficient transmission in accor 
dance with a state of a wired transmission can be executed and 
an influence by the radiation power of the transmission line 
can be reduced. 
The communication apparatus of the invention includes the 

communication apparatus wherein the transmission signal 
controller increases the transmission power of the Sub carrier 
of the frequency in which the radiation power is equal to or 
lower than the predetermined value. According to the inven 
tion, by relatively increasing a transmission power of a carrier 
having a small radiation power, a reduction in a communica 
tion rate as a whole can be avoided. 
The communication apparatus of the invention includes the 

communication apparatus wherein the transmission signal 
controller intermittently changes the sub carrier of the fre 
quency in which the radiation power exceeds the predeter 
mined value. According to the invention, a reduction in an 
average radiation power can be realized. 
The communication apparatus of the invention includes the 

communication apparatus wherein the transmission signal 
controller selects a modulation system of the sub carrier 
based on a radiation power signal from the transmission line. 
The communication apparatus of the invention includes the 

communication apparatus wherein the transmission signal 
controller changes the modulation system of the Sub carrier of 
the frequency in which the radiation power exceeds the pre 
determined value to a modulation system having a relatively 
low communication rate. 
The communication apparatus of the invention includes the 

communication apparatus comprising a radiation power 
detector for directly detecting the radiation power. 
The communication apparatus of the invention includes the 

communication apparatus wherein the wired transmission 
utilizes a pair of lines, further comprising a radiation power 
detector for indirectly detecting a signal of the radiation 
power by utilizing signals transmitted through the pair of 
lines. 
The communication apparatus of the invention includes the 

communication apparatus wherein the radiation power detec 
tor detects an unbalance component of the signals transmitted 
through the pair of lines. 
The communication apparatus of the invention includes the 

communication apparatus comprising a radiation power 
transmitter for transmitting the detected radiation power sig 
nal indicating the radiation power to other communication 
apparatus. According to the invention, it is not necessary to 
provide the radiation power detector to all of communication 
apparatus and a communication system can be constructed by 
utilizing the communication apparatus having a simple struc 
ture. 

The communication apparatus of the invention includes the 
communication apparatus comprising a power control signal 
transmitter for transmitting a power control signal calculated 
based on the detected radiation power signal for controlling 
the transmission power of the Sub carrier to other communi 
cation apparatus. When a communication system is consti 
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tuted by including the communication apparatus of the inven 
tion, transmission reducing the influence by the radiation 
power of the transmission line can be executed even when 
other communication apparatus is not provided with the 
radiation power detector or the power control signal transmit 
ter for transmitting the power control signal for controlling 
the transmission power of the sub carrier based on the radia 
tion power signal. 

The communication apparatus of the invention comprises a 
radiation power receiver for receiving a radiation power sig 
nal indicating a radiation power from outside. 
The communication apparatus of the invention includes the 

communication apparatus wherein the transmission signal 
controller intermittently makes the transmission powers of all 
of the sub carriers constant and utilizes the radiation power 
signal at that occasion for controlling the transmission signal. 
The communication apparatus of the invention includes the 

communication apparatus wherein the radiation power signal 
indicating the radiation power is acquired only once in start 
ing communication. 
The communication apparatus of the invention includes the 

communication apparatus wherein the radiation power signal 
indicating the radiation power is acquired periodically. 
The communication apparatus of the invention includes the 

communication apparatus wherein the transmission line is a 
power line. 
The communication apparatus of the invention includes the 

communication apparatus wherein the wired transmission is 
transmission of an OFDM system. 

The communication apparatus of the invention includes the 
communication apparatus wherein the wired transmission is 
the transmission of the OFDM system using a wavelet trans 
formation. According to the invention, a side lobe of each Sub 
carrier is low and therefore, control of carriers for respective 
carriers can simply be executed and power control for respec 
tive Sub carriers can simply be executed. 
A communication system of the invention is a communi 

cation system comprising a plurality of communication appa 
ratus connected via a wired transmission line, wherein one 
communication apparatus of the plurality of communication 
apparatus is the communication apparatus according to claim 
18 for transmitting the detected radiation power signal indi 
cating the radiation power to all of remaining communication 
apparatus of the plurality of communication apparatus, and 
wherein the remaining communication apparatus are the 
communication apparatus according to claim 20 for control 
ling the transmission power of the Sub carrier based on the 
radiation power signal received from the one communication 
apparatus. 
A communication system of the invention is a communi 

cation system comprising a plurality of communication appa 
ratus connected via a wired transmission line, wherein one 
communication apparatus of the plurality of communication 
apparatus is the communication apparatus including means 
for transmitting the detected radiation power to other com 
munication apparatus for transmitting the power control sig 
nal to all of remaining communication apparatus of the plu 
rality of communication apparatus, and the remaining 
communication apparatus control the transmission power of 
the Sub carrier based on the transmission power control signal 
received from the one communication apparatus. 
A communication method of the invention is a communi 

cation method for executing a wired transmission by using a 
plurality of Sub carriers, comprising generating a transmis 
sion signal, controlling a transmission power of the generated 
transmission signal based on a radiation power in a transmis 
sion line in correspondence with a frequency of the Sub car 
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4 
rier, and transmitting a transmission signal the transmission 
power of which is controlled via the transmission line. 
As is apparent from the above-described explanation, 

according to the invention, the communication apparatus, the 
communication system, and the communication method 
enabling efficient transmission in accordance with the state of 
the wired transmission line and capable of reducing the influ 
ence by the radiation power of the transmission line can be 
provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an outlook showing a front 
face of a communication apparatus. 

FIG. 2 is a perspective view of an outlook showing a rear 
face of the communication apparatus. 

FIG. 3 is a block diagram showing an example of a hard 
ware of the communication apparatus. 

FIG. 4 is a block diagram showing a modified example of 
a hardware of a communication apparatus. 

FIG. 5 is a diagram showing an outline structure of an 
example of a communication apparatus for explaining a first 
embodiment of the invention. 

FIG. 6 is a view showing an outline structure of other 
example of the communication apparatus for explaining the 
first embodiment of the invention. 

FIG. 7 is a frequency spectrum diagram of a transmission 
signal when transmission powers of respective Sub carriers 
are made constant. 

FIG. 8 shows an example of a frequency spectrum of a 
radiation power. 

FIG. 9 is a diagram showing an example of a frequency 
spectrum of a transmission signal in which a transmission 
power of a transmission apparatus of an embodiment of the 
invention is controlled. 

FIG.10 is a diagram showing other example of a frequency 
spectrum of a transmission signal in which a transmission 
power of a transmission apparatus of an embodiment of the 
invention is controlled. 

FIG. 11 is a diagram showing still other example of a 
frequency spectrum of a transmission signal in which a trans 
mission power in a transmission apparatus of an embodiment 
of the invention is controlled. 

FIG. 12 is a time chart when a radiation power is detected 
only once in starting communication. 

FIG. 13 is a time chart when a radiation power is detected 
periodically at predetermined intervals in communication. 

FIG. 14 is a diagram showing an outline structure of an 
example of a transmission signal controller in a transmission 
apparatus of an embodiment of the invention. 

FIG. 15 is a diagram showing an outline structure of an 
example of a transmission signal generator in a transmission 
apparatus of an embodiment of the invention. 

FIG. 16 is a diagram showing a detailed structure of a 
communication apparatus (a portion thereof) of an embodi 
ment of the invention. 

FIG. 17 is a diagram showing an outline structure of a 
communication apparatus for explaining a second embodi 
ment of the invention. 

FIG. 18 is a diagram showing an outline structure of a 
communication apparatus for explaining a third embodiment 
of the invention. 

FIG. 19 is a diagram showing an outline structure of a 
communication apparatus for explaining a fourth embodi 
ment of the invention. 
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FIG. 20 is a diagram showing an outline structure of a 
communication apparatus for explaining a fifth embodiment 
of the invention. 

FIG. 21 is a diagram showing an outline structure of a 
communication apparatus utilized in a communication sys 
tem having the communication apparatus for explaining the 
fifth embodiment of the invention. 

FIG. 22 is a diagram showing a detailed structure of a 
communication apparatus (a portion thereof) for explaining a 
sixth embodiment of the invention. 

DETAILED DESCRIPTION 

An embodiment of the invention will be explained in ref 
erence to the drawings as follows. 

FIRST EMBODIMENT 

FIG. 1 is a perspective view of an outlook showing a front 
face of a communication apparatus, and FIG. 2 is a perspec 
tive view of an outlook showing a rear face of the communi 
cation apparatus. A communication apparatus 100 according 
to the embodiment is a modem as shown by FIG. 1 and FIG. 
2. The communication apparatus 100 includes a cabinet 101. 
A front face of the cabinet 101 is provided with a display 
portion 105 of LED (Light Emitting Diode) or the like as 
shown by FIG.1. The rear face of the cabinet 101 is provided 
with a power connector 102, a modular jack 103 for LAN 
(Local Area Network) of RJ45 or the like, and a DSub con 
nector 104. The power connector 102 is connected with a pair 
of lines 91.92 of parallel cables or the like as shown by FIG. 
2. The modular jack 103 is connected with an LAN cable, not 
illustrated. The Dsub connector 104 is connected with a Dsub 
cable, not illustrated. Further, although the modem of FIG. 1 
and FIG. 2 is shown as an example of a communication 
apparatus, the communication apparatus is not particularly 
limited thereto but the communication apparatus may be an 
electric apparatus (for example, household electric appliance 
of television set or the like) having a modem. 

FIG. 3 is a block diagram showing an example of a hard 
ware of the communication apparatus. As shown by FIG. 3, 
the communication apparatus 100 includes a circuit module 
200 and a power supply 300. The power supply 300 supplies 
various voltages (for example, +1.2V. +3.3V, +12V) to the 
circuit module 200. The circuit module 200 is provided with 
a main IC (Integrated Circuit) 201, AFEIC (Analog Front 
End IC) 202, a low pass filter 14, a driver IC 15, a coupler 206, 
a band pass filter 207, AMP (amplifier)IC 208, a band pass 
filter 21, ADC (AD conversion) IC 22, a memory 211, and an 
ethernet PHY (Physical layer).IC 212. The power connector 
102 is connected to power lines constituting the pair of lines 
91, 92 via a plug 400 and a plug socket 500. 

The main IC 201 is constituted by CPU (Central Process 
ing Unit) 201A, PLCOMAC (Power line 
CommunicationMedia Access Control Layer) block 201C, 
and PLCPHY (Power Line Communication Physical layer) 
block 201B. CPU 201A is mounted with an RISC (Reduced 
Instruction Set Computer) processor of 32 bits. PLCMAC 
block 201C controls an MAC layer of a transmission signal, 
and PLCPHY block 201B controls a PHY layer of a trans 
mission signal. AFCIC 202 is constituted by a DA converter 
(DAC) 13, an AD converter (ADC) 202B, and a variable gain 
amplifier (VGA) 202C. The coupler 206 is constituted by a 
coil transformer 206A, and coupling capacitors 16a, 16b. 

FIG. 5 shows an outline structure of an example of a com 
munication apparatus for explaining a first embodiment of the 
invention. The communication apparatus of FIG. 5 is consti 
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6 
tuted by including a transmission signal generator 1, a trans 
mission signal controller 2, a transmitter 3, and a radiation 
power detector 4. The transmission signal generator 1 gener 
ates a transmission signal for executing transmission using a 
plurality of Sub carriers (multi carrier transmission signal) 
under control of the transmission signal controller 2 and is 
provided with a transmission power control function for 
respective Sub carriers. A transmission system using a plural 
ity of sub carriers is, for example, an OFDM system utilizing 
wavelet transformation as shown by JP-A-2003-218831. 

Further, the transmission signal generator 1 and the trans 
mission signal controller 2 correspond to PLCPHY block 
201B of the main IC 201 and AFEIC 202 shown in FIG. 3. 
The transmitter 3 corresponds to the low pass filter 14, the 
driver IC 15 and the coupler 206 shown in FIG. 3. The radia 
tion power detector 4 corresponds to AMPIC 208, the band 
pass filter 21, and ADCIC 22 shown in FIG. 3. 
When utilizing the OFDM system utilizing wavelet trans 

formation, the transmission signal generator 1 maps a plural 
ity of bit rows to signal points (for example, amplitude) of the 
respective carriers from transmission data, executes wavelet 
inverse transformation based on mapped signal point data of 
the respective Sub carriers and converts time domain sequen 
tial data Subjected to wavelet inverse transformation into ana 
log signal to generate a transmission signal. At this occasion, 
modulating systems for respective Sub carriers and transmis 
sion power are set by a control signal from the transmission 
signal controller 2. 
The transmission signal controller 2 controls a transmis 

sion signal generating processing including control of trans 
mission power of the respective Sub carriers and selection of 
the modulating systems, mentioned later. The transmitter 3 
outputs the transmission signal from the transmission signal 
generator 1 to a transmission line 9 and also executes again 
control of a total of the transmission signal or the like. 
The radiation power detector 4 directly detects power of 

transmission power radiated from the transmission lines 91. 
92. FIG. 4 is a block diagram showing a modified example of 
the hardware of the communication apparatus. As shown by 
FIG. 4, the radiation power detector 4 is provided with a loop 
antenna 301 arranged at a vicinity of the transmission lines 
91.92 as an example, and outputs a radiation power signal in 
correspondence with a Sub carrier frequency of the transmis 
sion signal from a signal detected by the loop antenna 301. 
The loop antenna 301 may be provided at an inner portion of 
the cabinet 101 of the communication apparatus, or may be 
provided separately. Further, an induction coil can also be 
utilized in place of the loop antenna 301. In this case, the 
radiation power detector 4 corresponds to the loop antenna 
301, AMPIC 208, the band pass filter 21, and ADCIC22 
shown in FIG. 4. 

FIG. 6 shows an outline structure of other example of a 
communication apparatus for explaining an embodiment of 
the invention. The communication apparatus of FIG. 6 is the 
same as the communication apparatus of FIG. 1 except that a 
radiation power is indirectly detected by utilizing signals 
transmitted by a pair of transmission lines. Elements attached 
with the same numerals stay the same and therefore, an expla 
nation thereof will be omitted. 
A pair of transmission lines 91.92 are connected in series 

with current transformers 42 and secondary windings of the 
current transformers 42 are connected in series. When the 
secondary windings of the current transformers 42 are con 
nected to detect currents of the same direction of the trans 
mission lines 91, 92 as shown by FIG. 6, the secondary 
winding currents indicate an unbalance component in corre 
spondence with radiation powers from the transmission lines 
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91, 92. A radiation power detector 41 of FIG. 6 outputs a 
radiation power signal in correspondence with a Sub carrier 
frequency of a transmission signal based on the secondary 
winding currents of the current transformers 42. 

Next, a transmission power control of the communication 
apparatus shown in FIG. 5, FIG. 6 will be explained. Assume 
that a transmission signal for making transmission powers of 
respective Sub carriers constant is outputted from the trans 
mission generator 1. FIG. 7 is a frequency spectrum diagram 
of the transmission signal in this case. Even when Such a 
transmission signal is outputted, radiation is brought about by 
a frequency characteristic in accordance with states of the 
transmission lines 9, 91, 92 or the like. FIG. 8 shows an 
example of a frequency spectrum of a radiation power. In the 
example of FIG. 8, a sub carrier of a frequency band F1 
exceeds a predetermined threshold 401. The transmission 
signal controller 2 controls a transmission power of the Sub 
carrier by controlling operation of the transmission signal 
generator 1 based on a radiation power signal as shown by 
FIG. 8 inputted from the radiation power detector 4, 41. 

According an example of a control of the transmission 
power of the sub carrier, a transmission power of the sub 
carrier having the frequency in which the radiation power 
exceeds the predetermined value is reduced. FIG. 9 shows a 
frequency spectrum of the transmission signal in which the 
transmission power is controlled. In the example of FIG. 9. 
the transmission power of the sub carrier of the frequency 
band F1 in which the radiation power exceeds the predeter 
mined threshold 401 is reduced by a small amount. The 
amount to be reduced may previously be determined or may 
be controlled in accordance with a deviation from the thresh 
old 401. 
A number of times of reducing the transmission power is 

not limited to once but the transmission power may be 
reduced by a plurality of times until the radiation power 
becomes equal to or lower than the threshold 401. Further, the 
transmission power of the sub carrier of the frequency band 
F1 in which the radiation power exceeds the predetermined 
threshold 401 may be nullified. FIG. 10 shows a frequency 
spectrum of the transmission signal in this case. Further, 
nullifying the transmission power of a specific Sub carrier 
signifies that the Sub carrier is not used. 

Although in the above-described explanation, the trans 
mission power of the sub carrier of the frequency band F1 in 
which the radiation power exceeds the predetermined thresh 
old 401 is made to stay to be changed, the transmission power 
may intermittently be changed. For example, the transmis 
sion power of the sub carrier at the frequency band F1 is 
reduced by a constant period of time as shown by FIG. 9 or 
FIG. 10, successively, the transmission power is transmitted 
as a constant transmission power as shown by FIG. 7 at other 
period of time. In this case, when the transmission power is 
transmitted by a constant transmission power for all of Sub 
carriers, although the radiation power exceeds the threshold 
401 only by a constant period of time, an average radiation 
power can be reduced and therefore, the radiation power can 
be reduced without significantly reducing a transmission effi 
ciency. 

Although according to the examples of FIG. 9, FIG. 10, an 
explanation has been given of the case of reducing the trans 
mission power of the sub carrier at the frequency band F1 in 
which the radiation power exceeds the predetermined thresh 
old 401, with regard to a sub carrier at a band in which the 
radiation power does not exceed the threshold 401, the trans 
mission power may be increased. FIG. 11 shows a frequency 
spectrum of a transmission signal in this case. In the example 
of FIG. 11 transmission powers of sub carriers at frequency 
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8 
bands F2, F3 in which radiation powers are sufficiently lower 
than the threshold 401 are increased. With regard to the sub 
carrier at frequency band F1, the transmission power is 
reduced similar to the example of FIG. 9. 
AS has been explained above, according to the communi 

cation apparatus of the first embodiment, the radiation power 
can be reduced only by detection and control on a transmis 
sion side and therefore, it is not necessary to communicate 
with other apparatus for reducing radiation power and control 
of a communication system is simplified. 

Next, a timing of a transmission power control will be 
explained. In detecting radiation power, transmission is 
executed by making transmission powers of all Sub carriers 
constant intermittently and radiation powers at that occasion 
are detected by the radiation power detector 4, 41. Further, the 
radiation power signal provided by detection is utilized in the 
transmission power control of communication thereafter. 
When transmission is executed by making the transmission 
powers of all the Sub carriers constant, although as transmis 
sion data, normally transmitted data may be utilized, a previ 
ously determined predetermined data may be transmitted. 
The radiation power may be detected only once in starting 

communication, or may be detected periodically at predeter 
mined intervals in communication. FIG. 12 shows a time 
chart when the radiation power is detected only once in start 
ing communication. A communication apparatus on a trans 
mission side as shown by FIG. 5, FIG. 6 transmits a test frame 
for detecting a radiation powerfor a constant period of time in 
starting communication (S101). The test frame transmits nor 
mally transmitted data or predetermined data by making 
transmission powers of all the Sub carriers constant. Further, 
a radiation power at that occasion is detected by the radiation 
power detector 4, 41 (S102). Next, sub carriers used and 
transmission powers thereofare determined based on a radia 
tion power signal provided from the radiation power detector 
4, 41 (S103). Successively, the transmission data is made to 
be carried by the determined sub carriers and transmitted by 
the determined transmission powers (S104). When transmis 
sion of transmission data has been finished, a signal indicat 
ing end of transmission is transmitted to finish a transmission 
processing (S105). 

FIG. 13 is a time chart when a radiation power is detected 
periodically at predetermined intervals in communication. 
Similar to FIG. 12, in starting communication, a test frame for 
detecting a radiation power is transmitted for a constant 
period of time (S111), and the radiation power at that occa 
sion is detected (S112). Next, sub carriers used and transmis 
sion powers thereof are determined based on the provided 
radiation power signal (S113), transmission data are made to 
be carried by determined sub carriers and transmitted by the 
determined transmission powers (S114). When a constant 
time period has elapsed, there are repeated processings of 
transmitting the test frame for detecting the radiation power 
again for the constant period of time (S115), detecting the 
radiation powers at that occasion (S116) and transmitting 
transmission data (S118). Further, when transmission of 
transmission data has been finished, a signal indicating the 
end of transmission is transmitted to finish the transmission 
processings (S119). 

Although an explanation has been given of a control of the 
transmission power for the respective sub carriers by the 
transmission signal controller 2 as described above, the trans 
mission signal controller 2 may control the transmission sig 
nal generator 1 to select a modulating system of a Sub carrier 
based on the radiation power signal from the transmission line 
indicating the radiation power. When the modulating system 
of the sub carrier is selected, the modulating system of the sub 
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carrier of a frequency in which the radiation power exceeds 
the predetermined value is changed to a system having a 
relatively low communication rate. In addition thereto, a 
modulating system of a Sub carrier having a frequency in 
which a radiation power is sufficiently lower than a predeter 
mined value may be changed to a system having a relatively 
high communication rate. In this way, by changing the modu 
lating system based on the radiation power signal indicating 
the radiation power from the transmission line, even when the 
transmission power of the Sub carrier is changed based on the 
radiation power, a communication in which the communica 
tion rate as a whole is not significant reduced can be executed. 

FIG. 14 shows an outline structure of an example of a 
transmission signal controller. The transmission signal con 
troller 2 of FIG. 14 generates a power control signal c(n) for 
controlling transmission powers of respective Sub carriers 
based on a detected radiation power signal and is constituted 
by including aband pass filter 21, an A/D converter (ADCIC) 
22, a time? frequency transformer 23, a comparator 24, a coef 
ficient generator 25, and a parallel to serial converter (P/S 
converter) 26. The radiation power detector 4 is constituted by 
including the band pass filter 21, and the A/D converter 22. 
The band pass filter 21 removes a low frequency compo 

nent and a high frequency component which are not needed 
included in the radiation power signal and extracts only a 
component of a frequency band utilized in multi carrier com 
munication, and the component is converted into a digital 
signal by the A/D converter 22 and is transmitted to the 
time/frequency transformer 23. The time/frequency trans 
former 23 generates a frequency spectrum of the inputted 
digital signal. The comparator 24 compares the generated 
frequency spectrum with a predetermined reference value for 
each predetermined frequency band (specifically, for each 
Sub carrier frequency) and outputs a result thereof to the 
coefficient generator 25. 
The coefficient generator 25 generates a compensation sig 

nal of each Sub carrier based on an output of the comparator 
24 and phase data from the time/frequency transformer 23. 
An output from the coefficient generator 25 converts the 
compensation signal for each Sub carrier into a series signal 
by the P/S converter 26 to be outputted as the power control 
signal c (n). Here, notation n designates a number of the Sub 
carrier. 

Further, the transmission signal controller shown in FIG. 
14 is only an example and a transmission line characteristic, 
a detector characteristic, or a characteristic of other control 
system may be compensated for by adding an equalizer 
thereto. Further, a circuit structure may be simplified without 
utilizing phase data, and the compensation signal may be 
changed in steps and the compensation signal may be 
changed in accordance with an amplitude response thereof. 

FIG. 15 shows an outline structure of an example of the 
transmission signal generator. The transmission signal gen 
erator 1 of FIG. 15 generates a balance transmission signal 
transmitted to transmission lines 91.92 and is illustrated by 
including a structure of the transmitter 3. The transmission 
signal generator of FIG. 15 is constituted by including bit 
symbol converters 10a, 10b, carrier mapping units 11a, 11b, 
frequency-time transformers 12a, 12b, D/A converters 13a, 
13b, low pass filters 14a. 14b, amplifiers 15a, 15b, and cou 
pling capacitors 16a, 16b. The respective elements are for 
respectively generating differential signals for carrying out 
balance transmission and provided with Substantially similar 
functions. Further, the transmitter 3 is constituted by includ 
ing the low pass filters 14a. 14b, the amplifiers 15a, 15b, and 
the coupling capacitors 16a, 16b. 
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10 
The bit-symbol converters 10a, 10b convert transmission 

data d(n) based on the power control signal c(n) from the 
transmission signal controller of FIG. 14 and outputs trans 
mission data in which transmission power is controlled for 
each sub carrier, and outputs thereof are transmitted to the 
carrier mapping units 11a, 11b. The carrier mapping units 
11a, 11b map signals on a time domain inputted from the 
bit-symbol converters 10a, 10b and execute primary modu 
lation. 

When conversion at the bit-symbol converter 10a is desig 
nated by notation A, conversion at the bit-symbol converter 
10b is designated by notation B and conversion at the carrier 
mapping units 11a, 11b is designated by notation F, the bit 
symbol converters 10a, 10b execute conversion satisfying 
Equation 1 through Equation3 shown below. AS is appar 
ent from Equation 1 and Equation 3, a differential com 
ponent of conversion data (transmission original data f(n), 
f(n)) is generated based on the transmission data d(n), and an 
in-phase component of the conversion data is generated based 
on the transmission power control signal c(n). 

Outputs of the carrier map unit 11a, 11b are transmitted to 
the frequency-time transformers 12a, 12b and converted from 
data on a frequency domain to data on a time domain. The 
frequency-time transformers 12a, 12b execute, for example, 
wavelet inverse transformation. Digital data on the time 
domain outputted from the frequency-time transformers 12a. 
12b are converted into analog data by the D/A converters 13a, 
13b, removed of high frequency components by the low pass 
filters 14a. 14b and thereafter inputted to the amplifiers 10a, 
10b. The amplifiers 10a, 10b are respectively provided with 
amplification degrees of X, -X and output transmission 
signals to the pair of transmission lines 91.92 at a predeter 
mined signal level. 

In this way, two routes of transmission signals for being 
transmitted to respectives of the pair of transmission lines are 
separately generated, further, the transmission signals are 
controlled to compensate for unbalance of the transmission 
lines (in correspondence with radiation power signal) and 
therefore, when the unbalance is detected, the respective 
transmission signals which are intentionally unbalanced are 
transmitted. Therefore, the transmission signals received via 
the unbalanced transmission lines are balanced as a result and 
the radiation power can be reduced. 

FIG. 16 is a diagram showing a detailed structure of a 
communication apparatus (a portion thereof) for explaining 
an embodiment of the invention. A further detailed explana 
tion will be given of a case of reducing radiation power in 
reference to FIG. 16. 

In FIG. 16, the transmission signal generator 1 is consti 
tuted by including a carrier mapping portion 11, a frequency 
time transformer 12, and a D/A converter 13. The transmis 
sion signal controller 2 is constituted by including a 
frequency-time transformer 23, an amplitude register 27a, a 
comparator 24, a power controller (coefficient generator) 25. 
a threshold register 27b, and a power control register 27c. The 
transmitter 3 is constituted by including the low pass filter 14, 
the driver IC 15, and the coupler 206. The driver IC 15 
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includes amplifiers 15a, 15b. The radiation power detector 4 
is constituted by including AMPIC 208, the band pass filter 
21, and ADCIC 22. 
The carrier mapping portion 11 converts a transmission 

data d(n) constituted by a bit stream data into a symbol data 
for modulating respective Sub carriers. At this occasion, based 
on the transmission power control signal c(n), mentioned 
later, transmission powers of respective Sub carriers are con 
trolled. That is, the transmission power control signal c(n) 
indicates an attenuating amount relative to a maximum power 
and the carrier mapping portion 11 attenuates transmission 
powers of respective Sub carriers in accordance with the trans 
mission power control signal c(n). 
An output of the carrier mapping portion 11 is transmitted 

to the frequency-time transformer 12 to convert data on a 
frequency domain to data on a time domain. The frequency 
time transformer 12 executes, for example, wavelet inverse 
transformation. Digital data on the time domain outputted by 
the frequency-time transformer 12 is converted into analog 
data by the D/A converter 13, removed of the high frequency 
component by low pass filter 14 thereafter inputted to the 
amplifiers 15a, 15b. The amplifiers 15a, 15b are respectively 
provided with gains of X, -X (that is, amplification 
degrees in which only positive and negative signs are 
inverted), and the transmission signal is outputted to the pair 
of lines 91.92 at a predetermined signal level by way of the 
coupling capacitors 16a, 16b. 
A radiation power component is generated at the pair of 

lines 91, 92 in accordance with a characteristic of the trans 
mission lines. According to the radiation power signal 
detected by the radiation power detector 4, the receiving level 
is amplified by AMPIC 208 and aband component other than 
the sub carrier band is removed by the band pass filter 21. 
Further, the component is converted into a digital value by 
ADCIC 22. The time-frequency transformer 23 converts the 
radiation power signal converted into the digital value into an 
amplitude component in correspondence with each Sub car 
rier frequency to be recorded by the amplitude register 27a. 
The comparator 24 compares values of the amplitude register 
27a and the threshold register 27b for each sub carrier and 
when a Sub carrier exceeding the threshold is generated, the 
comparator 24 generates an interruption signal IS to inform 
CPU 201A and outputs a difference from the threshold to the 
power controller 25. CPU 201A detecting the interruption 
signal IS stops transmitting data and executes operation of 
reducing the radiation power. 
When the operation of reducing the radiation power is 

started, the power controller 25 calculates the difference 
between the threshold and the radiation power of each sub 
carrier from the values of the amplitude register 27a and the 
threshold register 27b via a data path 125. Further, the differ 
ence of the radiation power is subtracted from the value of the 
power control register 27c, and a result thereof is newly 
recorded in the power control register 27c to update a content 
thereof. Further, when a result of subtraction becomes a posi 
tive value, the result is recorded as 0. The power control 
register 27.c is recorded with the attenuating amount relative 
to the maximum power of each Sub carrier. In starting the 
transmission signal generator 1, the respective Sub carriers 
are set to an initial value 0 (attenuation amount 0). Thereafter, 
at each time of generating the Sub carrier having the radiation 
power signal exceeding the threshold, the power control reg 
ister 27.c is updated by constituting a new attenuating amount 
by the difference from the threshold. With regard to the sub 
carrier exceeding the threshold, an attenuating amount larger 
than that in updating at a preceding time is newly set. 
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Further, conversely, with regard to the sub carrier in which 

the radiation power is reduced by being caused by a variation 
in a transmission line condition or the like, a small attenuating 
amount is newly set. When the operation has been finished, 
the power control portion 25 generates the interruption signal 
IS to inform CPU201A. The power control portion 25 outputs 
the value of the power control register 27c to the carrier 
mapping portion 11 as the transmission power control signal 
c (n). 

In this way, the radiation power can effectively be reduced 
by generating the transmission power control signal c(n) in 
accordance with the detected radiation power signal and 
attenuating the transmission power of each Sub carrier in 
which the radiation power exceeds the threshold based on the 
transmission power control signal c(n). 

Further, although in one example of the embodiment, an 
example of using one radiation power threshold is shown, a 
structure having a plurality of thresholds can be constructed. 
For example, when a lower limit threshold indicating a lower 
limit of the radiation power is provided and even when the 
radiation power becomes lower than the lower limit thresh 
old, the power control portion 25 is controlled to execute 
operation, a control of reducing the transmission power 
attenuating amount can efficiently be executed and the trans 
mission power of each sub carrier can further optimally be 
controlled. 

SECONDEMBODIMENT 

FIG. 17 shows an outline structure of a communication 
apparatus for explaining a second embodiment of the inven 
tion. The communication apparatus of FIG. 17 is constituted 
by including the transmission signal generator 1, the trans 
mission signal controller 2, the transmitter 3, the radiation 
power detector 4, and a radiation power transmitter 5. The 
communication apparatus is the same as the communication 
apparatus of FIG. 5 except that the radiation power transmit 
ter 5 is provided and therefore, an explanation of elements 
other than the radiation power transmitter 5 will be omitted. 
The radiation power transmitter 5 is for transmitting the 

radiation power signal provided from the radiation power 
detector 4 to other communication apparatus. It is preferable 
that a timing for transmitting the radiation power signal is the 
timing of detecting the radiation power by the radiation power 
detector 4 as has been explained in reference to FIG. 12 or 
FIG. 13. Further, although in FIG. 17, the radiation power 
signal to be transmitted is conceptually designated by a bro 
ken line arrow mark, actually, the radiation power signal is 
transmitted via the transmission signal generator 1, the trans 
mitter 3, and the transmission line 9 as transmission data. 
When the communication apparatus having the radiation 

power transmitter 5 is provided in this way, the communica 
tion system can be simplified. That is, by the communication 
apparatus having the radiation power transmitter 5, the radia 
tion characteristic of the transmission line of the wired com 
munication system to which the communication apparatus 
belongs can be transmitted to other communication apparatus 
and therefore, the other communication apparatus can 
execute communication with inconsiderable quality deterio 
ration without detecting the radiation power. Particularly, in 
communication at an area of using indoor power wirings in 
which communication or the like is limited, even when the 
same radiation power signal is utilized, a sufficient effect can 
be expected and therefore, it is not necessary to provide all of 
communication apparatus with means for detecting the radia 
tion power, and the communication system can be con 
structed by utilizing the communication apparatus having a 
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simple structure. Further, although the communication appa 
ratus of FIG. 17 is provided with the radiation power detector 
4 for directly detecting power of transmission power radiated 
from the transmission line 9, similar to the communication 
apparatus of FIG. 6, the radiation power detector 41 for indi 
rectly detecting the radiation power may be provided. 

THIRD EMBODIMENT 

FIG. 18 shows an outline structure of a communication 
apparatus for explaining a third embodiment of the invention. 
The communication apparatus of FIG. 18 is constituted by 
including the transmission signal generator 1, the transmis 
sion signal controller 2, the transmitter 3, and a radiation 
power receiver 6. The communication apparatus is the same 
as the communication apparatus of FIG. 5 except that the 
radiation power detector4 is removed and the radiation power 
receiver 6 is provided and therefore, an explanation of ele 
ments other than the radiation power receiver 6 will be omit 
ted. 

The radiation power receiver 6 receives the radiation power 
signal from outside and received radiation power signal is 
transmitted to the transmission signal controller 2 and is 
utilized for control of the transmission signal generator 1. The 
received radiation power signal is transmitted from other 
communication apparatus, for example, the communication 
apparatus shown by FIG. 5, FIG. 6, FIG. 17, and is the 
radiation power signal from the transmission line connected 
with the communication apparatus of FIG. 18 or the trans 
mission line constituting the same communication System. 
Further, although in FIG. 18, the received radiation power 
signal is conceptually designated by a broken line arrow 
mark, actually, the radiation power signal is received via 
receiving means, not illustrated, via the transmission line 9. 

FOURTHEMBODIMENT 

FIG. 19 shows an outline structure of a communication 
apparatus for explaining a fourth embodiment of the inven 
tion. The communication apparatus of FIG. 19 is constituted 
by including the transmission signal generator 1, the trans 
mission signal controller 2, the transmitter 3, the radiation 
power detector 4, and the radiation power receiver 6. The 
communication apparatus is the same as the communication 
apparatus of FIG.5 except that the radiation power receiver 6 
is provided. Further, the radiation power receiver 6 is similar 
to that provided in the communication apparatus of FIG. 18. 

According to the communication apparatus of FIG. 19, the 
radiation power signal is provided from both of the radiation 
power detector 4 and the radiation power receiver 6. The 
transmission signal controller 2 may select to use either one of 
the radiation power signals, or may use both of the radiation 
power signals. When both of the radiation power signals are 
used, for example, it is preferable that a value of the radiation 
power signal having higher radiation power is made to con 
stitute the radiation power signal of a frequency band of a Sub 
carrier thereof. 

Further, also in the communication apparatus of FIG. 19, in 
place of the radiation power detector 4, the radiation power 
detector 41 for indirectly detecting the radiation power as 
shown by FIG. 6 can be utilized. Further, similar to the com 
munication apparatus of FIG. 17, the radiation power trans 
mitter 5 for transmitting the radiation power signal provided 
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14 
from the radiation power detector 4 or 41 to other communi 
cation apparatus may also be added. 

FIFTHEMBODIMENT 

FIG. 20 shows an outline structure of a communication 
apparatus for explaining a fifth embodiment of the invention. 
The communication apparatus of FIG. 20 is constituted by 
including the transmission signal generator 1, the transmis 
sion signal controller 2, the transmitter 3, the radiation power 
detector 4, and a power control signal transmitter 7. The 
communication apparatus is the same as the communication 
apparatus of FIG. 5 except that the power control signal 
transmitter 7 is provided and therefore, an explanation of 
elements other than the power control signal transmitter 7 will 
be omitted. 
The power control signal transmitter 7 transmits the power 

control signal calculated by the transmission signal controller 
2 to other communication apparatus. The transmission signal 
controller 2 calculates the power control signal based on the 
radiation power signal provided from the radiation power 
detector 4. It is preferable that a timing of transmission is the 
timing of detecting the radiation power by the radiation power 
detector 4 as has been explained in reference to FIG. 12 or 
FIG. 13. Further, although in FIG. 20, the power control 
signal to be transmitted is conceptually designated by a bro 
ken line arrow mark, actually, the power control signal is 
transmitted via the transmission signal generator 1, the trans 
mitter 3, the transmission line 9 as transmission data. Further, 
although the communication apparatus of FIG. 20 is provided 
with the radiation power detector 4 for directly detecting 
power of transmission power radiated from the transmission 
line 9, similar to the communication apparatus of FIG. 6, the 
radiation power detector may be constituted by the radiation 
power detector 41 for indirectly detecting the radiation power. 
When a communication system having the power control 

signal transmitter 7 is constructed, by using the communica 
tion apparatus as shown by FIG. 21 as other communication 
apparatus, the system is simplified. The communication 
apparatus of FIG. 21 is constituted by including the transmis 
sion signal generator 1, the transmission signal controller 2, 
the transmitter 3, and a power control signal receiver 8. The 
communication apparatus is the same as the communication 
apparatus of FIG.5 except that the radiation power detector 4 
is removed and the power control signal receiver 8 is provided 
and therefore, an explanation of elements other than the 
power control signal receiver 8 will be omitted. 
The power control signal receiver 8 receives the power 

control signal from the communication apparatus according 
to the fifth embodiment as shown by FIG. 20 and the received 
power control signal is transmitted to the transmission signal 
controller 2 and is utilized for control of the transmission 
signal generator 1. Further, although in FIG. 21, the received 
power control signal is conceptually designated by a broken 
line arrow mark, actually, the power control signal is received 
via receiving means, not illustrated, via the transmission line 
9. 
When a communication system is constituted by connect 

ing the communication apparatus according to the fifth 
embodiment as shown by FIG. 20 and the communication 
apparatus as shown by FIG. 21 by a wired transmission line in 
this way, the transmission power control signal calculated by 
the communication apparatus according to the fifth embodi 
ment can also be utilized by other communication apparatus 
and therefore, the communication apparatus in which an 
influence by the radiation power is inconsiderable and a qual 
ity deterioration is inconsiderable can simply be constructed. 



US 7,633,964 B2 
15 

SIXTHEMBODIMENT 

FIG. 22 is a diagram showing a detailed structure of a 
communication apparatus (a portion thereof) for explaining a 
sixth embodiment of the invention. An explanation will be 
given of a case of reducing radiation power by controlling a 
common signal power component of each Sub carrier in ref 
erence to FIG. 22. 

In FIG. 22, the transmission signal generator 1 is consti 
tuted by including the carrier mapping portion 11, frequency 
time transformers 12a, 12b, and D/A converters 13a, 13b. The 
transmission signal controller 2 is constituted by including 
the time-frequency transformer 23, the amplitude register 
27a, the comparator 24, a coefficient generator 25, the thresh 
old register 27b, a phase register 27d., a control register 27e, a 
difference radiation register 27f, and a common radiation 
register 27g. The transmitter 3 is constituted by including low 
pass filters 24a, 24b, a driver IC 15 and the coupler 206. The 
driver IC 15 includes amplifiers 15a, 15b, 15c, and adders 
15d, b 15e. The radiation power detector 4 is constituted by 
including AMPIC 208, the band pass filter 21, and ADCIC 
22. 
The carrier mapping portion 11 converts the transmission 

data d(n) constituted by a bit row into a symbol row for 
converting respective Sub carriers. An output of the carrier 
mapping portion 11 is transmitted to the frequency-time con 
verter 12a to be converted from data on the frequency domain 
to data on the time domain. D/A converter 13a converts the 
digital signal into the analog signal. The low pass filter 14a 
removes the high frequency component equal to or higher 
thana Nyquist frequency. The amplifiers 15a, 15b amplify the 
analog signals respectively by predetermined gains X and -X 
to convert into difference signals DS1, DS2. The adders 15d. 
15e superpose a common mode signal CS on the difference 
signals DS1, DS2 to transmit to the pair of lines 91, 92 via 
coupling capacitors 16a, 16b. 

At the pair of lines 91.92, the radiation power component 
is generated in accordance with the characteristic of the trans 
mission lines. According to the radiation power signal 
detected by the radiation detector 4, the receiving level is 
amplified by AMPIC 208 and the band component other than 
the sub carrier band is removed by the band pass filer 21. 
Further, the radiation power signal is converted into the digi 
tal value by ADCIC 22. The time-frequency transformer 23 
converts the radiation power signal converted into the digital 
value into an amplitude component and a phase component in 
correspondence with each Sub carrier frequency to record to 
the amplitude register 27a and the phase register 27d. The 
comparator 24 compares the values of the amplitude register 
27a and the threshold register 27b for each sub carrier and 
when a Sub carrier exceeding the threshold is generated, the 
comparator 24 generates an interruption signal IS1 to inform 
CPU 201A. 
CPU 201A detecting the interruption signal IS1 stops 

transmitting data and executes operation of reducing the 
radiation power. First, CPU201A controls the control register 
27e via the buss 125 and generates a test signal TS for mea 
Suring the characteristic of the line from the carrier mapping 
unit 11. The carrier mapping unit 11 includes a circuit for 
generating the test signal TS (not illustrated). Although it is 
preferable to provide a pattern for constituting all of sub 
carriers by the same power in the test signal TS, the test signal 
is not limited thereto So far as the test signal is constituted by 
a known power value. 
CPU 201A controls the control register 27e to stop the 

frequency-time transformer 12b and operates only the fre 
quency-time converter 12a. Thereby, only difference signals 
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DS1, DS2 are transmitted to the pair of lines 91, 92. CPU 
201A needs phase data and amplitude data of a radiation 
power generated when only the difference signals DS1, DS2 
are transmitted respectively from the phase register 27d and 
the amplitude register 27a to record to the difference radiation 
register 27f. 

Next, CPU 201A controls the control register 27e to stop 
the frequency-time transformer 12a and operates only the 
frequency-time transformer 12b. At this occasion, CPU201A 
controls such that all of the transmission power control signal 
c(n) becomes null. Thereby, only the common phase signal 
CS is transmitted to the pair of lines 91.92. At this occasion, 
phase data and amplitude data of the generated radiation 
power are respectively read from the phase register 27d and 
the amplitude register 27a to record to the common radiation 
register 27g. 

Next, operation of the coefficient generator 25 will be 
explained. Here, when a response of a radiation power com 
ponent (hereinafter, referred to as Rd(n)) generated with 
regard to the difference signals DS1, DS2 (hereinafter, 
referred to as dif(n)) is defined as a difference radiation 
response Ha(n), Equation 4 is established. Further, when a 
radiation power component (hereinafter, referred to as Rc(n)) 
generated with regard to the common signal CS (hereinafter, 
referred to as com(n)) is defined as a common radiation 
response Hc(n), Equation 5 is established. 
A radiation power component R(n) of the pair of lines 91, 

92 becomes a sum of Rd(n) and Rc(n) as shown by Equation 
6 and therefore, by satisfying a condition shown in Equation 
7, the radiation power components of the pair of lines 91.92 
can be cancelled by each other. Equation 6 can be modified 
to Equation 8 from Equation 4 and Equation 5. Accord 
ing to the invention, the common signal com(n) is generated 
as shown by Equation 9 and the transmission power control 
signal c(n) is generated as shown by Equation 10 from the 
difference signal dif(n) and the transmission power control 
signal c(n). Thereby, the condition of Equation 7 is satisfied 
and the radiation power components R(n) are cancelled by 
each other to null. 

That is, when the data of the difference radiation register 
27f and the data of the common radiation register 27g 
acquired by transmitting the test signal TS for measuring the 
line characteristic twice after generating the interruption sig 
nal IS1, are respectively defined as Rd(n) and Rc(n), the datas 
are responses to the same signal and therefore, by executing 
operation of Equation 11, the transmission power control 
signal c(n) can be calculated. 
The coefficient generator 25 executes operation by using 

data of the difference radiation register 27f and data of the 
common radiation register 27g to calculate the transmission 
power control signal c(n) and generates the interruption sig 
nal IS2 after finishing the operation. CPU 201A returns to 
normal communication operation after generating the inter 
ruption signal IS2. The frequency-time transformer 12b gen 
erates the common signal com(n) in correspondence with 
Equation 9 for each sub carrier by using the calculated 
transmission power control signal c(n). That is, CPU 201A 
outputs a signal outputted by the frequency-time converter 
12a in which the amplitude is multiplied by IC(n) and the 
phase is moved by an deviation angle of C(n) to each Sub 
carrier component. The outputted signal is converted into the 
analog value by the D/A converter 13b, removed of the high 
frequency component equal to or higher than the Nyquist 
frequency by the low pass filter 14b, provided with a prede 
termined gain by the amplifier 15c and is superposed on the 
difference signal by the adder 15d. 15e. 
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By controlling in this way, the radiation power component 
generated by the transmission data constituting the difference 
signal and the common power signal having the same ampli 
tude and the inverted phase are Superposed so that the radia 
tion power component and the common power signal are 
cancelled by each other on the pair of lines 91, 92. Thereby, 
the radiation power can effectively be reduced. The difference 
signal component can only reduce the radiation power with 
out being changed in either of procedures of Superposing and 
canceling and without effecting an influence on inherent 
transmission data power. 

Rd(n) = dif(n). Had(n) Equation 4 

Ro(n) = conn(n). Ho(n) Equation 5 

R(n) = Rad(n) + Re(n) Equation 6 

Ro(n) = -Rad(n) Equation 7 

R(n) = dif(n). Ha(n) + com(n). He(n) Equation 8 

com(n) = C(n) dif(n) Equation 9 

C(n) = - Had(n) Equation 10 
He(n) 

Rd(n) Equation 11 
C(n) = - 

(Structure of Communication System) 
A communication system in which an influence by the 

radiation power of the transmission line is inconsiderable can 
be constructed by connecting communication apparatus per 
tinently selected from the communication apparatus accord 
ing to the first through the sixth embodiments by a wired 
transmission line. 

At that occasion, when the communication apparatus 
according to the third embodiment is adopted, at least one set 
of the communication apparatus having the radiation power 
transmitter 5 as shown by the second embodiment is pro 
vided. For example, the communication system is constituted 
by using one set of the communication apparatus according to 
the second embodiment shown in FIG. 17 and the communi 
cation apparatus according to the third embodiment shown in 
FIG. 18. Further, when a communication system provided 
with a communication apparatus having the power control 
signal transmitter 7 as shown by the fifth embodiment is 
constructed, the communication system is constructed by one 
set of a communication apparatus having the power control 
signal transmitter 7 and the communication apparatus having 
the power control signal receiver 8 as shown by FIG. 21 as a 
remaining communication apparatus. 
When the communication system is constituted by using 

the communication apparatus having the radiation power 
transmitter 5 or the power control signal transmitter 7 in this 
way, a structure of other communication apparatus can be 
simplified to thereby provide the communication system hav 
ing a simple structure as a whole. 
On the other hand, when a communication system is con 

structed only by the communication apparatus according to 
the first embodiment, a communication system capable of 
reducing the influence by the radiation power of the transmis 
sion line can be constructed without transmitting or receiving 
the radiation power signal. 

This application is based on Japanese Patent Application 
No. 2004-157240 filed on May 27, 2004, which is incorpo 
rated herein by reference. 
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18 
INDUSTRIAL APPLICABILITY 

The invention provides a communication apparatus, a com 
munication system and a communication method enabling 
efficient transmission in accordance with a situation of a 
wired transmission line and is useful for reducing an influ 
ence by a radiation power of the transmission line. 
The invention claimed is: 
1. A communication apparatus for executing a wired com 

munication using a plurality of Sub carriers, said apparatus 
comprising: 

a transmission signal generator for generating first and 
second transmission signals; 

a transmitter for transmitting the first transmission signal 
generated by the transmission signal generator, and 

a transmission signal controller for controlling a transmis 
sion power of the second transmission signal generated 
by the transmission signal generator based on a radiation 
power in a transmission line in correspondence with a 
frequency of the sub carrier of the first transmission 
signal generated by the transmission signal generator, 

wherein the transmitter transmits the second transmission 
signal the transmission power of which is controlled by 
the transmission signal controller via the transmission 
line, 

wherein the transmission signal controller reduces the 
transmission power of the Sub carrier of the frequency in 
which the radiation power exceeds a predetermined 
value, and 

wherein the transmission signal controller intermittently 
changes the transmission power of the Sub carrier of the 
frequency in which the radiation power exceeds the pre 
determined value. 

2. The communication apparatus according to claim 1, 
wherein the transmission signal controller selects a modula 
tion system of the Sub carrier based on a indicating the radia 
tion power from the transmission line. 

3. The communication apparatus according to claim 2, 
wherein the transmission signal controller changes the modu 
lation system of the sub carrier of the frequency in which the 
radiation power exceeds the predetermined value to a modu 
lation system having a relatively low communication rate. 

4. The communication apparatus according to claim 1, 
wherein the transmission line utilizes a pair of lines, and the 
transmission signal generator generates the first and second 
transmission signals transmitted to the pair of lines for each 
Sub carrier and each transmission line based on a transmission 
data and the radiation power. 

5. The communication apparatus according to claim 4. 
wherein the transmission signal generator generates a differ 
ential component of the second transmission signal based on 
the transmission data and generates a common component of 
the second transmission signal based on the radiation power. 

6. The communication apparatus according to claim 5. 
wherein the common component is generated Such that the 
radiation power is reduced. 

7. The communication apparatus according to claim 6. 
wherein the radiation power includes a radiation power com 
ponent when a predetermined test signal is transmitted to the 
transmission line as the differential signal and a radiation 
power component when the predetermined test signal is trans 
mitted to the transmission line as a common mode signal. 

8. The communication apparatus according to claim 1, 
further comprising: 

a radiation power detector for directly detecting the radia 
tion power. 



US 7,633,964 B2 
19 

9. The communication apparatus according to claim 8. 
further comprising: 

a radiation power transmitter for transmitting the radiation 
power signal indicating the radiation power detected by 
the radiation power detector to other communication 
apparatus. 

10. The communication apparatus according to claim 8. 
further comprising: 

a power control signal transmitter for transmitting a power 
control signal calculated based on the detected radiation 
power for controlling the transmission power of the Sub 
carrier to other communication apparatus. 

11. A communication system comprising a plurality of 
communication apparatus connected via a wired transmission 
line, wherein one communication apparatus out of the plural 
ity of communication apparatus is the communication appa 
ratus according to claim 10 for transmitting the power control 
signal to all of remaining communication apparatus out of the 
plurality of communication apparatus; and 

wherein the remaining communication apparatus control 
the transmission power of the sub carrier based on the 
transmission power control signal received from the one 
communication apparatus. 

12. The communication apparatus according to claim 1, 
wherein the wired transmission utilizes a pair of lines, further 
comprising: 

a radiation power detector for indirectly detecting a signal 
of the radiation power by utilizing signals transmitted 
through the pair of lines. 

13. The communication apparatus according to claim 12, 
wherein the radiation power detector detects an unbalance 
component of the signals transmitted through the pairoflines. 

14. The communication apparatus according to claim 1, 
further comprising: 

a radiation power receiver for receiving a radiation power 
signal indicating the radiation power from outside. 

15. The communication apparatus according to claim 1, 
wherein the transmission signal controller intermittently 
makes the transmission powers of all of the Sub carriers 
constant and utilizes the radiation power signal at that occa 
sion for controlling the second transmission signal. 

16. The communication apparatus according to claim 1, 
wherein the radiation power signal indicating the radiation 
power is acquired only once in starting communication. 

17. The communication apparatus according to claim 1, 
wherein the radiation power signal indicating the radiation 
power is acquired periodically. 

18. The communication apparatus according to claim 1, 
wherein the transmission line is a power line. 

19. The communication apparatus according to claim 1, 
wherein the wired transmission is a transmission of an OFDM 
system. 

20. The communication apparatus according to claim 19, 
wherein the wired transmission is the transmission of the 
OFDM system using a wavelet transformation. 

21. A communication system comprising a plurality of 
communication apparatus connected via a wired transmission 
line, wherein one communication apparatus out of the plural 
ity of communication apparatus is the communication appa 
ratus according to claim 1 for transmitting the detected radia 
tion power signal indicating the detected radiation power to 
all of remaining communication apparatus out of the plurality 
of communication apparatus, 

wherein the one communication apparatus further includes 
a radiation power detector for directly detecting the 
radiation power and a radiation power transmitter for 
transmitting the radiation power signal indicating the 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
radiation power detected by the radiation power detector 
to other communication apparatus, 

wherein the remaining communication apparatus are the 
communication apparatus according to claim 1 for con 
trolling the transmission power of the sub carrier based 
on the radiation power signal received from the one 
communication apparatus, and 

wherein the remaining communication apparatus further 
includes a radiation power receiver for receiving a radia 
tion power signal indicating the radiation power from 
outside. 

22. The communication apparatus according to claim 1, 
wherein the first and second transmission signals includes 
data which is normally transmitted via the transmission line. 

23. A communication apparatus for executing a wired com 
munication using a plurality of Sub carriers, said apparatus 
comprising: 

a transmission signal generator for generating first and 
second transmission signals; 

a transmitter for transmitting the first transmission signal 
generated by the transmission signal generator, and 

a transmission signal controller for controlling a transmis 
sion power of the second transmission signal generated 
by the transmission signal generator based on a radiation 
power in a transmission line in correspondence with a 
frequency of the sub carrier of the first transmission 
signal generated by the transmission signal generator, 

wherein the transmitter transmits the second transmission 
signal the transmission power of which is controlled b 
the transmission signal controller via the transmission 
line, 

wherein the transmission signal controller reduces the 
transmission power of the Sub carrier of the frequency in 
which the radiation power exceeds a predetermined 
value, 

wherein the transmission line utilizes a pair of lines, and 
the transmission signal generator generates the first and 
second transmission signals transmitted to the pair of 
lines for each Sub carrier and each transmission line 
based on a transmission data and the radiation power, 

wherein the transmission signal controller includes a time 
frequency transformer for converting a radiation power 
signal indicating the radiation power into a frequency 
component, a comparator for comparing respectives of 
the frequency component with a predetermined com 
parison value and outputting a comparison result, a coef 
ficient generator for generating a predetermined coeffi 
cient in accordance with an output of the comparator, 
and a parallel to serial converter for converting the coef 
ficient outputted from the coefficient generator in paral 
lel into a series coefficient data; and 

wherein the transmission signal generator includes a first 
data converter and a second data converter for outputting 
a first transmission original data for providing the Sec 
ond transmission signal transmitted to one of the pair of 
lines and outputting a second transmission original data 
for providing the second transmission signal transmitted 
to other of the pair of lines by converting the transmis 
sion databased on the series coefficient data. 

24. The communication apparatus according to claim 23, 
wherein the common component of the second transmission 
signal based on respectives of the first transmission original 
data and the second transmission original data is a signal for 
canceling the radiation power signal. 

25. A communication method for executing a wired trans 
mission by using a plurality of Sub carriers, said method 
comprising: 
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(a) generating first and second transmission signals; 
(b) transmitting the first transmission signal from a trans 

mitter; 
(c) controlling a transmission power of the second trans 

mission signal based on a radiation power in a transmis 
sion line in correspondence with a frequency of the Sub 
carrier of the first transmission signal; and 

(d) transmitting the second transmission signal the trans 
mission power of which is controlled via the transmis 
sion line, wherein: 

10 

22 
step (b) further comprises transmitting the second trans 

mission signal, 
step (c) further comprises (i) controlling the transmission 
power of the second transmission signal via the trans 
mission line, (ii) reducing the transmission power of the 
sub carrier of the frequency in which the radiation power 
exceeds a predetermined value, and (iii) intermittently 
changing the transmission power of the Sub carrier of the 
frequency in which the radiation power exceeds the pre 
determined value. 

k k k k k 


